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Chapter 1
INTRODUCTION
Acute and severe inflammation which results from major infections, burns,
trauma, or closed head injury are leading factors associated with malnutrition in the
acute care setting1. The body’s response to these injuries can occur over a period of
several weeks or longer, resulting in a neuroendocrine response, which stimulates
hypermetabolism. The severity of the catabolic response depends largely on the degree
of injury or infection and if sufficient nutrients particularly carbohydrates or fat are not
available, then body protein is catabolized to provide energy. The magnitude of lean
body mass (LBM) loss is what determines morbidity or mortality associated with protein
energy malnutrition (PEM)2.
In the hospital setting those who are recovering from traumatic injury face
insurmountable obstacles not only from stress, but also when it comes to eating. This is
the result of physical disability or injury of a dependant limb. Various aids can help in
such situations. Patient feeding is therefore a major factor in helping the patient recover
and be discharged from the hospital1-4. Previous studies have demonstrated that
malnutrition has been linked to increased length of stay (LOS), increased costs, and
higher complication rates1-6. There is controversial research regarding administration of
total Kcalories immediately following injury, however a large body of recent research
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demonstrates positive outcomes when only 50% of target levels are achieved 7,8.
Nevertheless, when trauma patients exceed 10 days post injury the demands for energy
increase dramatically as the body moves into a healing phase of recovery9. Few studies
have been done to predict energy needs at this stage, but based on some estimations
energy demands range anywhere between 75%-200% and the hypermetabolic state can
last as long as 30 days9.
Hypothesis
The following hypotheses were tested:
1. Feeders will have a longer length of stay than self-feeders.
2. Feeders will have a lower percent intake of Kcalories than self-feeders.
3. Feeders will have a lower percent intake of protein than self-feeders.
4. Patients whose Kcalorie needs are met will have higher prealbumin levels than those
whose kcalorie needs are not met.
5. Patients whose protein needs are met will have higher prealbumin levels than those
whose protein needs are not met.
6. Patients whose kcalorie needs are met will have a higher Braden Scale score than
those whose kcalorie needs are not met.
7. Patients whose protein needs are met will have a higher Braden Scale score than
those whose protein needs are not met.
2

Significance of Study
Due to rising costs of healthcare, clinicians are responsible for decreasing costs
by providing care that moves the patient from injury, to recovery, to discharge within a
matter of just a few days. The Registered Dietitian is responsible for the nutrition
assessment and nutrition diagnosis, nutrition prescription and plan, and for monitoring
the patient to achieve nutritional repletion within this short timeframe. Concerns for
patients who require nursing staff and caregivers for feeding are evident, especially
when increased demands are being placed on the nursing staff. This study aims to
determine whether or not “feeder patients” are at a higher risk for malnutrition, which
could potentially result in delayed discharge, poor rate of wound healing, and increased
costs to the institution.
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Chapter 2
REVIEW OF THE LITERATURE
Hospital-Wide Malnutrition
Malnutrition is a state of nutrition in which a deficiency, excess or imbalance of
energy, protein and other nutrients, cause adverse effects on body composition and
function, and has a negative impact on clinical outcomes. The causes of malnutrition can
be classified into four primary areas. These include: (1) Impaired dietary intake in which
secondary conditions have an impact on a patient’s ability to achieve estimated needs,
e.g. surgery, functional conditions, and vomiting; (2) Altered or increased nutritional
requirements as a consequence of disease such as infection, cancer and tumor, and
brain injury. Certain disease states cause increased stress on the body, which can impact
the basal metabolic rate resulting in changes in energy requirements; (3) A third area of
concern is increased loss of nutrients or impaired digestion or absorption. This may
occur as a consequence of inflammatory bowel disease or surgical problems. Owing to
the underlying pathology of bowel disorders (e.g. Crohn’s disease) the ability of the
body to affectively absorb nutrients is impaired, hence giving rise to an increased risk of
developing malnutrition; (4) The final area of concern is that of “dysphagia”. A
swallowing disorder common in older adults which can impact dietary intake if not
addressed immediately1,2.
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Defining Malnutrition
Recently, an International Guideline Committee was established to develop a
“definition” of malnutrition syndromes for adults in the clinical setting. The committee
proposed the following etiology-based terms for nutrition diagnosis as an approach to
recognize the interaction and importance of inflammation on nutritional status: (1)
when there is chronic starvation without inflammation the term “starvation-related
malnutrition” is recommended. An example of this includes anorexia nervosa; (2) when
inflammation is chronic and of mild to moderate degree, the term “chronic diseaserelated malnutrition” is recommended. Examples of this includes: organ failure,
pancreatic cancer, rheumatoid arthritis, and sarcopenic cancer; (3) when inflammation
is acute and of severe degree, the committee proposed the use of the term “acute
disease or injury related malnutrition.” Examples of this include: major infections, burns,
trauma, or closed head injury. These terms were constructed in order to stop the
confusion of multiple definitions of “malnutrition” since it has been recognized that
varying degrees of acute and chronic inflammation are key contributing factors in the
pathophysiology of malnutrition1.
Physiological response to starvation
Within the context of malnutrition there are two responses to starvation. This
includes a “normal” response and a response to physiological stress. In healthy adults
available stored energy comprises approximately 200g glycogen, 6,000g protein and,
although subject to individual variation approximately 15,000g fat. During starvation,
5

glycogen stores are rapidly depleted (15-20 hours) during the process of glycogenolysis,
supplying about 800 kcal. During gluconeogenesis protein is mobilized from skeletal
muscles and converted to glucose in the liver and released into circulation. As much as
75g protein may be used for this purpose daily and is reflected by a negative nitrogen
balance. The body adapts over three to four days, using fat as an energy source, thus
reducing protein catabolism and decreasing nitrogen excretion. During ketogenesis fatty
acids released from fat may be used directly for energy or converted to glucose or
ketone bodies. In the final stage of starvation, fat stores are depleted and total energy
needs are obtained from plasma proteins and proteins in visceral organs2,10.
The threshold of lean body mass loss that ultimately results in death is about
40%. These are protective responses designed to arrest the progress of PEM. Fat loss is
slowed by reduced energy expenditure associated with a decline in basal metabolic rate
and lean body mass. Muscle protein initially bears the loss, while organ tissues are
relatively spared. As long as the intake of energy and protein is not too low, adaptation
reduces energy and protein requirements, restoring homeostasis and maintaining
physiological function2,11.
Physiological response to severe injury
The body’s response to severe injury, trauma, infection, wounds, or surgery, is
characterized by a significant hormonal reaction. The initial response can be defined as
the “ebb phase”. It is characterized by a decrease in blood pressure and reduced cardiac
output, body temperature and oxygen consumption, which results in hypovolemia,
6

hypoperfusion and lactic acidosis. This is followed by the “flow phase”, where
adaptation occurs and body resources are mobilized to counteract these negative
effects. In contrast to the ebb phase, which is brief, the flow phase may last for several
weeks or longer, resulting in a neuroendocrine response, which stimulates
hypermetabolism2.
The hormonal response, mediated by the sympathetic nervous system, causes
marked increase in the release of catecholamines – adrenaline (epinephrine) and
noradrenaline (norepinephrine) – and other stress hormones, such as cortisol. A
sustained increase in body temperature and marked elevation in the demand for
glucose also occurs. The demand for glucose is met by catecholamine-stimulated
glycogenolysis, gluconeogenesis, and fat mobilization. Cortisol mobilizes amino acids
from skeletal muscle leading to rapid muscle breakdown. These combined effects cause
significant elevation of BMR and, hence, energy demand is increased. The severity of the
catabolic response depends largely on the degree of injury or infection, and thus a
previously protective mechanism becomes self-destructive. If sufficient nutrients,
particularly carbohydrates or fat, are not available, then body protein is catabolized to
provide energy2.
Blood loss, exudates and discharges exacerbate protein loss; PEM can develop
rapidly and, if uncontrolled, will progress to multiple organ failure. It is the magnitude of
LBM loss that produces the morbidity and mortality associated with PEM. Anabolism
usually does not occur until wounds are healed or infection is resolved. Corticosteroid
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release gradually declines followed by spontaneous diuresis and reduced nitrogen
excretion. This transition occurs over one to two days and is followed by anabolism,
during which LBM and muscular strength increase and total nitrogen loss is regained1,2,3.
Nutrition during the recovery phase of severe injury
In the hospital setting those recovering from traumatic injury face
insurmountable obstacles not only from stress, but also when it comes to eating. These
patients may have physical disability or injury of a dependant limb and various aids can
help in such situations. Patient feeding may be delegated to unqualified staff that lack
the necessary knowledge and skills to help those with complex eating difficulties and
food is not uncommonly placed outside the patient’s reach and later removed
untouched1-4.
Malnutrition has been linked to increased length of hospital stay, increased
costs, and higher complication rates1-6. A study by Chima et al.4 was conducted to
determine the relationship between nutritional status at admission to the hospital and
LOS, costs, and discharge placement in a general medicine inpatient population. In this
study patients who met the following criteria were analyzed: weight for height less than
75% of ideal body weight, serum albumin levels less than 3.0g/dl at admission, or 10%
or greater unintentional weight loss during the month before admission. During this
study 173 patients were screened and classified according to study criteria. It was found
that patients with gastrointestinal disease (n=29, 59%) were significantly more likely to
be malnourished than the general sample. Other diagnostic categories with a high
8

prevalence of malnutrition included infectious disease (n=29, 59% prevalence) and
pneumonia/tuberculosis (n=24, 42% prevalence). The median LOS in days for the at-risk
population was significantly greater than that for the not-at-risk population (6 vs. 4
days). Mean hospitalization cost per patient for the at-risk group was significantly higher
than that for the not-at-risk group. Of those patients considered to be at nutritional risk,
91% received nutritional intervention during their hospital stay. These interventions
included oral supplements (most common), changes in diet to include small frequent
meals, liberalized diets, and between meal snacks. In this study, LOS for patients at risk
for malnutrition was 50% longer, and costs were 36% higher, than for not-at-risk
patients. In addition, patients in the at-risk group were significantly less likely to be
discharged to home than patients in the not-at-risk group, despite the fact that 91% of
the at-risk patients received nutrition intervention4.
A later study by Braunschweig et al.5 was conducted to assess the association
between changes in nutritional status in hospitalized patients and occurrence of
infections, complications, length of stay in hospital, and hospital charges. The study
authors hypothesized that patients who experience deterioration in nutritional status
while hospitalized experience infections, complications, longer lengths of stay, and
higher charges more frequently than patients whose nutritional status remains stable or
improves. Nutritional status was assessed at the time of admission and discharge of
adult, acute-care patients in a university hospital with stays longer than 7 days. Changes
in the time between admission and discharge were analyzed in conjunction with the
presence of complications and infections and total hospital charges. The prevalence of
9

malnutrition was 54% (219 out of 404 subjects) at admission and 59% (238 out of 404
subjects) at discharge. Overall 31% (126 out of 404 subjects) experienced declines in
nutritional status between admission and discharge from the hospital. In this study the
hypothesis was supported in that declines in nutrition status were associated with
higher hospital charges, longer LOS, and greater risk of complications5.
The Braunschweig study concludes that dietitians need to prioritize care for
patients whose LOS is more than 5 days rather than for those admitted nutritionally
compromised. This can be done by routinely assessing actual intakes of long-staying
patients through calorie counts, meal rounds, and organized protocols for careful
follow-up. This study did not monitor nutrition intake, which could have been a
determining factor for why these patients had longer lengths of stay associated with
nutritional decline, however it does drive awareness toward closer observation of long
stay patients5.
There are other means that can be considered as methods to increase nutrient
intake of hospitalized patients such as organizational factors (lack of taste, poor timing
of meals, restricted choice and poor cooking). This may also include limited availability
of staff to assist patients with eating, emphasizing an important supporting role for
nurses in the prevention and management of undernutrition. Simple actions, such as
enabling patients to select their food shortly before consumption, can significantly
enhance food intake. One of the most important methods to enhance food consumption
is assisting patients who are injured or disabled. Allowing nurses the opportunity to
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focus on efforts to assist patients during meal times can have a dramatic impact on the
patient’s overall nutritional status6.
Studies have indicated a 40-50% rate of malnutrition among hospitalized
patients1-4,6,12. As previously mentioned, this leads to increased hospital costs, length of
stay and morbidity4,5,12. The nutrition adequacy of patients within the critical
care/trauma environment, which includes surgical, burns, traumatic injury, and
respiratory diagnoses etc., are at an even greater risk due to the difficulties to feed,
route of delivery, and ability to achieve established energy goals11-13.
Drover et al.12 designed a multicenter observational study to demonstrate that
nutrition therapy and specifically enteral nutrition (EN) are associated with improved
patient outcomes in surgical patients. This allowed them to compare how nutrition is
delivered in surgical patients compared with medical patients. The purpose of the study
was to describe the nutrition practices for critically ill surgical patients and identify
opportunities for improving nutrition therapies in the surgical population. The study was
conducted in 2007 and 2008 and involved two international, prospective, observational
studies of nutrition practices in critical care units around the world. The same inclusion
criteria and data collection methods were used in both studies. Participating sites
provided information that described the hospital, the characteristics of the ICU, and the
use of nutrition-related protocols within their unit. Participating researchers identified
all patients meeting inclusion criteria (i.e., mechanically ventilated within the first 48 hrs
of admission to ICU and who remained in ICU for > 72 hours and > 18 years of age). The
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information gathered included sex, age, admission category (surgical vs. medical), Acute
Physiology and Chronic Health Evaluation (APACHE II) score, and diagnosis category,
presence of acute respiratory distress syndrome (ARDS), height, weight, and baseline
nutrition assessment (energy and protein prescribed). Daily nutrition information was
collected on the type and amount of nutrition received, morning blood glucose levels,
total insulin dose, supplemental glutamine and selenium use, and the use of promotility
drugs. Daily information was recorded for a maximum of 12 days unless death or ICU
discharge occurred sooner. A total of 5,497 eligible patients were included in the study
for the two years of the study (269 unique ICU’s from 29 countries) and 37.7% were
classified as “surgical”. The authors found that surgical patients were significantly less
likely to receive EN and more likely to receive parenteral nutrition (13.4% vs. 4.4%).
Among patients who began EN in the ICU, surgical patients started feeding an average
of 21.0 hours later (57.8 vs 36.8 hours). Surgical patients received substantially lower
proportion of their initial prescription from EN or from EN + propofol + appropriate PN
(45.8 vs. 56.1%). In patients who experienced feeding interruptions secondary to high
gastric residuals, surgical patients were more likely to receive motility agents and small
bowel feeding tubes (66.9% vs. 59.4%, and 18.8% vs. 11.8%)12.
Overall, the Drover study showed that surgical patients receive less nutrition
during the course of the early phase of their critical illness, with a delayed initiation of
nutrition and less use of EN. This patient group is considered to be among the highest
risk and strategies to improve nutrition performance, including the use of protocols
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should be considered as part of the quality improvement process. Part of this process
may begin with staff education12.
Physician education about nutrition and nutrition support protocols
According to a study by Behara et al.14 there is disagreement in physician
practice patterns regarding initiation and management of nutrition in ICU patients.
Surveys containing 12 questions to identify physician perceptions of nutrition in critical
illness, preferences relating to initiation of feeding, and management practices specific
to nutrition after initiation of feeding were electronically distributed to 150 attending
physicians, 147 fellows, and 509 resident physicians at Rush University Medical Center.
These surveys found that although physicians appreciate the role of nutrition in the ICU,
they did not feel confident in their knowledge of nutrition support in the critically ill.
This appears to be due to a lack of physician education and a need for more emphasis
on nutrition support guidelines and protocols14.
Given similar circumstances, a study by Mackenzie et al.15 aimed to determine
whether implementation of an evidence-based nutrition support (NS) protocol could
improve enteral nutrition (EN) recommendations and delivery. A protocol was
developed by incorporating scientific evidence, data from a retrospective study of 30
ICU patients, and input from registered dietitians, intensive care physicians, surgeons,
nurses, and pharmacists. The impact of this protocol was evaluated among 123
consecutive patients who were eligible for nutrition support. The authors found
improvements in the proportion of patients meeting > 80% of their goals in the ICU,
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improved delivery of EN, and reduction of inappropriate use of parenteral nutrition. This
potentially results in reduced costs, improved outcomes, reduced hospital stay, reduced
mortality and improved patient safety15.
Malnutrition is a common problem in intensive care unit patients and is
associated with increased morbidity and mortality13,16. As previously stated, critical
illness is associated with a hypercatabolic state, augmented oxidative stress, insulin
resistance, and alterations in neuroendocrine and sympathetic nerve function.
Therefore, some researchers recommend the provision of reduced energy to avoid
accentuating these adaptive or maladaptive responses to stress. As a result, some
evidence supports the recommendation for lower caloric intakes in the critically ill
population7.
Restrictive feeding in critical care/trauma
A study by Arabi et al.7 demonstrated that among a population of 523 patients
those with APACHE II scores at the highest level had increased ICU mortality, hospital
mortality, ICU-acquired infections, ventilator associated pneumonia (VAP), mechanical
ventilator duration, and ICU and hospital LOS. In addition, the main finding was that
near-target caloric intake in critically ill medical-surgical patients is associated with
increased mortality as well as morbidity, including ICU-acquired infections, VAP rate,
duration of mechanical ventilation, and ICU and hospital LOS. In this study, the daily
caloric intake averaged only about 50% of the caloric target. Only one-third of patients
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received more than 65% of calculated caloric target, which is consistent with other
studies producing similar results7.
A study by Krishnan et al.8 found that moderate caloric intake (33%-65% of the
recommended targets or 9-18 kcals/kg) was associated with better outcomes in terms
of mechanical ventilation duration, ICU LOS, and hospital mortality than higher levels of
caloric intake8. Burke et al. stated that the optimal goal of nutrition support, especially
within 3 days post-injury is to provide adequate metabolic support in order to modulate
the systemic inflammatory response. The author points out that optimal dosing may be
in the range of 9-18kcal/kg for total caloric support. This level limits the amount of
glucose provided and prevents hyperglycemia. In addition, the author recommends
protein provision at least 1g/kg, which dramatically increases the nitrogen/calorie ratio
and provides about 50% of total nutritional needs. This phase of metabolic support has
been shown to be effective for the first 10 days post injury, after this time it is suggested
to increase volume to full nutrition requirements of 20-25 kcal/kg and 30kcal/kg for
trauma/surgical patients to achieve energy balance and 1.5g/kg protein for optimal
nitrogen balance16.
Thoughts behind this conservative feeding approach are evident and propose
that overfeeding can cause a myriad of complications including: negatively affecting
organ function, particularly lungs, liver, and kidneys. Excessive carbohydrate can cause
hypercapnia which increases work of the lungs and prolongs the need for mechanical
ventilation, and can cause an accumulation of fat in the liver. Excessive fat can result in
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hypertriglyceridemia and fat overload17. Overfeeding protein can lead to azotemia,
hypertonic dehydration, and metabolic acidosis if the kidneys are unable to adjust urea
excretion or acid-base balance17,18.
Feeding formulations
Bryk et al.19 took another approach in analyzing whether there were differences
in the type of feeding that was administered vs. the amount (underfeeding or
overfeeding). The authors evaluated differences between calorically dense and noncalorically dense formulas and felt that although calorically dense formulas are heavily
used in the surgical/trauma population the benefits of these formulas remains unproven
and may be associated with significant side effects and even mortality. A total of 117
patients met study criteria. Despite the fact that patients received either a calorically
dense formula or standard formula their caloric intake was not significantly different.
The authors found that surgical patients receiving the standard formula demonstrated
decreased length of stay (14.7 + 10.1 vs 25.0 + 11.3 days), ventilator days (14.3 + 12.9 vs
21.3 + 10.5 days), and average daily glucose levels (129.8 + 4.1 vs 157.9 + 13.6 mg/dl).
Trauma patients receiving a standard formula exhibited decreased length of stay (15.3 +
1.6 vs 18.7 + 1.6 days)19.
This observation suggests that calorically dense formulas offer increased
amounts of calories through a combination of carbohydrates and lipids. This is supposed
to deliver higher amounts of calories to critically ill patients, but typically does not
achieve that objective. The standard formula delivers fewer calories per volume but also
16

less carbohydrate and lipid. A potential cause of the results in this study is that the
calorically dense formula does not offer the same amount of fiber as a standard
formula, which helps to improve glycemic control. Another thought is that the calorically
dense formula has 30% more medium-chain triglycerides (MCTs), whereas standard
formulas have 19% MCT. MCTs are absorbed into portal circulation and behave more
like glucose than fats, which can induce a hyperglycemic response10,19. Finally, calorically
dense formulas have a higher α6:α3 ratio. Recent findings have shown that α3 fatty
acids improve diagnosis-related clinical outcomes in critically ill patients 19.
Target feeding in critical care/trauma
Although results seem to favor the need to restrict Kcalories to improve
outcomes other studies demonstrate very different results. A study by Rubinson et al.20
demonstrated that among 138 medical ICU patients who had not had any oral feedings
for > 96 hours after medical ICU admission and receiving <25% of prescribed energy
requirements had higher risk for bloodstream infection than other patients20. A
randomized study of 82 patients with severe head injury was compared for standard vs.
enhanced enteral nutrition. Patients in the enhanced nutrition group received more
calories than patients in the standard group (59.2% vs. 36.8% of caloric goal), and those
in the enhanced nutrition group had a trend toward better neurologic outcome three
months post injury and fewer overall complications, including infections21.
Alberda et al.17 conducted a world-wide observational study consisting of 167
ICUs across 37 countries. Patient demographics and type of nutrition was recorded daily
17

for a maximum of 12 days and patients were followed prospectively to determine 60day mortality and ventilator free days (VFDs). BMI was used as a marker of nutrition
status prior to ICU admission. A total of 2,772 patients were evaluated. These patients
were mechanically ventilated and received on average 1,034 kcal/day and 47 g
protein/day. An increase of 1,000 calories per day was associated with reduced
mortality and an increased number of VFDs. The effect of increased calories associated
with lower mortality was most obvious in those who had BMI’s at < 25 or > 35. There
was no benefit seen in patients with BMIs in the range 25-35. Similar results were seen
with increasing protein and decreases in mortality17.
Feeding post traumatic brain injury patients
The most intriguing findings related to the critically ill include those following
traumatic brain injuries (TBI). Elevations of metabolic rate in these patients have
estimates ranging from 32% to 200% above normal values. A meta-analysis conducted
by Foley which included 24 studies, three of which were randomized controlled trials
(RCTs) included sample sizes from 6 to 80, and the mean Glasgow Coma Scale (GCS)
score of subjects was 4.8. Mean energy expenditure, expressed as a percentage of
predicted value, ranged from 75% to 200%. The only variables that reduced metabolic
rates in these patients were paralyzing agents, sedatives, or barbiturates, which reduced
metabolic rates by 12-32%. The authors concluded that energy expenditure following
TBI is highly variable, and the use of standard factors to estimate the energy needs of
individual patients are inappropriate and should be discouraged. The problems from the
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inaccuracy of estimating energy demands can lead to increased mortality, infections,
and complications due to caloric deficit, whereas feeding in excess may lead to hepatic
steatosis and difficulty weaning from mechanical ventilation.While there was no
discernable pattern of energy expenditure, the results from this study indicated that
hypermetabolism may persist for 30 days9.
Few studies have been done measuring the energy expenditure beyond 10 days
so these findings cannot be completely confirmed. In TBI patients, the brain’s function
as the regulator for metabolic activity leads to complex metabolic alterations consisting
of hormonal changes, aberrant cellular metabolism, and a vigorous cerebral and
systemic inflammatory response in an effort to liberate substrate for injured cell
metabolism. The end result of these alterations is systemic catabolism, which leads to
hyperglycemia, protein wasting, and increased energy demand. Effective nutrition
support can play a major role in attenuating the catabolic response and avoiding the
potentially harmful effects of prolonged hypermetabolism21,9.
Determination of nutrient requirements in critical care/trauma
Energy expenditure can be measured by indirect calorimetry or predicted using
various calculations, such as the Harris-Benedict, Ireton-Jones, and Penn State
equations. Indirect calorimetry is the “gold standard”, with the best accuracy for
measuring energy requirements and is the preferred method22,23.
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Predictive equations to calculate energy needs
Equations assume a predictable metabolic response to illness and do not
account for variation in clinical condition and complications that affect energy
expenditure. An example and often found result may be an overestimation of caloric
needs of patients who are mechanically ventilated and sedated or paralyzed22. A
hypermetabolic response to trauma occurs within the first 24-48 hours of injury. The
hypermetabolic and septic effects of this response can be attenuated by early feeding
(within 72 hours). Early feeding has been shown to improve clinical outcomes, decrease
the negative nitrogen balance and blunt the hypermetabolic response. The overall goal
of nutrition in this situation is to minimize nitrogen loss. The right recommendations
therefore play a major role24.
Frankenfeld et al.22 found the Penn State predictive equation for resting
metabolic rate in mechanically ventilated ICU patients receiving nutrition support to be
a valid tool for determining energy goals in the absence of indirect calorimetry with
significantly less incidence of errors than other predictive equations22. A study
conducted in the critically ill obese population fed high protein diets (1.5-2.0 g/kg IBW)
but hypocaloric PN or EN regimens lost weight but maintained positive nitrogen balance
and exhibited complete tissue healing of wounds and abscess cavities and required
fewer ventilator, and antibiotic and ICU days22,25.
A study conducted by Anderegg et al.25 compared several strategies used to
predict resting energy expenditure (REE) with measured resting energy expenditure
20

(MREE) using indirect calorimetry in nutritionally high-risk, hospitalized, obese patients
with a BMI >30 kg/m2. The purpose of this study was to determine which caloric
estimation strategy most appropriately approximated the calorie needs of this patient
population. The Harris-Benedict equation using BWadj with a stress factor of 1.5 for
critically ill patients or 1.2 for general ward patients was found to be the most accurate
at within 10% of MREE. The Ireton-Jones equation for obesity and spontaneously
breathing patients performed the least accurately in predicting REE25.
Stucky et al.26 compared REE calculated by prediction equations to the measured
REE in obese trauma and burn patients. The authors felt that an equation using fat-free
mass would warrant a more accurate picture of estimated needs. They also wanted to
consider the effect of a commonly used injury factor on the predicted REE. This
retrospective study included 28 obese patients. REE was measured using indirect
calorimetry and compared to the Harris-Benedict (HBE) and Cunningham equations, and
an equation using type two diabetes as a factor. The average BMI for the trauma and
burn population in this study was 35.4 and 33.9. Without injury factor, the authors
found the REE predicted by the HBE was 2,170 and 2,129 kcals (trauma and burn
populations). The REE using the Cunningham equation was 1,817 and 1,831 kcals. Using
the Diabetic equation the REE was 2,095 and 2,052 kcals. All three equations
underpredicted REE. HBE underpredicted the least, Cunningham underpredicted the
most. Overall the average REE was 21kcal/kg for all three methods. When an injury
factor of 1.2 was used, the HBE and Diabetic equation overpredicted, whereas the
Cunningham equation continued to underpredict26.
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These results showed that the HBE was the most accurate when an injury factor
is not included. When the injury factor is included the Cunningham predicts REE most
accurately without overestimating. It is thought that the accuracy of prediction
equations is jeopardized because lean body mass is considered the site of metabolism
and most equations take into account total body weight. This typically overestimates
recommendations and causes overfeeding complications among the obese critically ill
population. This demonstrates that HBE, Cunningham, and the Diabetic equation show
an average of 21 kcal/kg/day estimation in trauma and burn obese patients. Although
this is less than the 25 kcal/kg/day recommendations by the American College of Chest
Physicians ICU guidelines, these levels may be more appropriate for the obese
population in order to prevent overfeeding and hyperglycemia26.
Protein recommendations for critical care/trauma patients
Because of the increased protein loss that is associated with critical illness,
protein needs are elevated. The current recommendation for stressed patients,
including burns, is 20% to 25% of total nutrient intake provided as protein, which
equates to about 1.5-2.0 g/kg, with the higher range to promote nitrogen equilibrium or
at least to minimize nitrogen deficit 22.
Glucose recommendations for critical care/trauma patients
Glucose is the primary fuel for the central nervous system (CNS) and blood cells,
with a minimum of about 120 g/d necessary to maintain CNS function16. In the
metabolically stressed adult, the maximum rate of glucose oxidation is 4 to 7
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mg/kg/min, roughly equivalent to 400 to 700 g/day in a 70 kg person16,23. In the
hypermetabolic patient, a large portion of oxidized glucose is derived from amino acid
substrates via gluconeogenesis yielding up to 2 to 3 mg/kg/min of glucose12,19. Providing
large amounts of exogenous glucose stimulates hyperglycemia and hyperinsulinemia. In
addition, exogenous insulin delivery can increase cellular glucose uptake in critically ill
patients, often resulting in lipogenesis while at the same time excess glucose
administration leads to hyperosmolar states, excess carbon dioxide production, hepatic
steatosis and hyperglycemia16,23.
Some studies have shown that hyperglycemia in trauma patients may be a
prognostic indicator for increases in morbidity and mortality27. Also, findings have
shown that intensive insulin therapy, where patients are kept normoglycemic with
continuous insulin infusions prevents excessive inflammation23. Based on positive
findings that tight glucose control reduces morbidity and mortality, it is recommended
that glucose be provided at a rate of 3 to 4 mg/kg/min or approximately 50% to 60% of
total energy requirements in critically ill patients and that insulin be used to maintain
normoglycemia16.
Lipid recommendations for critical care/trauma patients
Lipid metabolism is altered in the critically ill patient as a result of hormonal and
other mediator alterations16. Enhanced mobilization of adipose tissue triglyceride stores
despite increased plasma levels of glucose and insulin is characteristic of the metabolic
response to severe stress. Fat is an important substrate in the critically ill patient
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because it facilitates protein sparing, decreases the risk of carbohydrate overload, helps
limit total fluid volume, and provides essential fatty acids (EFAs). Recommendations for
fat provision in critically ill patients are 10% to 30% of total energy requirements, with a
minimum of 2% to 4% as EFAs to prevent deficiency10,16,23.
Predicting needs for total brain injury patients
Use of inaccurate predictive estimates for support of the critically ill patient
combined with aggressive therapy to achieve target nutritional intake without
consideration of potential consequences may be harmful23. Each patient needs to be
evaluated closely for signs and symptoms of overfeeding and feeding intolerance and
appropriate interventions must be undertaken. The provision of adequate nutrition
support for patients with TBI has been a clinical challenge for decades. In terms of
Kcalorie provision for these patients, the ADA recommends the use of the Mifflin-St.
Jeor equation to calculate BEE with a stress factor of 140%. The only drawback to these
recommendations is the limited amount of research to support them27.
Hypercatabolism in TBI patients stimulated by inflammatory mediators and
catecholamines often results in excessive protein breakdown27. Protein breakdown
peaks at 8-14 days after injury and appears to be related to the severity of the injury23.
Urinary nitrogen elimination in these patients also ranges between 0.2 to 0.28
g/kg/day23. Studies have shown mixed results in terms of protein requirements to
reverse muscle catabolism. Regardless, current recommendations suggest protein
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provision ranging between 1.5 and 2 g/kg/day for acute TBI patients to account for the
excess catabolism27.
Hypermetabolism that occurs as a result of TBI not only complicates the initial
period of hospitalization and stabilization, but may also extend for weeks into the
rehabilitation period28. Possible explanations for this continued increase in metabolism
and protein loss may include a persistent inflammatory response and prolonged
immobility due to injury27. Inadequate nutrition support for TBI patients, even well past
the initial injury, may result in malnutrition and muscle wasting27,29. This increases the
need for rehabilitation, increases the difficulty in mobility, and promotes the
development of medical complications such as decubitus ulcers, pneumonia, urinary
tract infections, and venous thromboembolism23,27. A significant percentage of TBI
patients admitted to long-term rehabilitation centers or sent home with skilled nursing
support are markedly disabled and physically dependant upon others for care. Less than
33% of TBI patients in long-term rehabilitation facilities are able to eat independently30.
Several patients on oral diets require food modifications in order to meet physiologic
demands. In addition, the patient should be monitored for appropriate food consistency
in order to safely meet these demands. It is obvious that these patients present a very
unique set of circumstances above and beyond the typical critical care patient due to
elevations in stress, hypermetabolism, and hypercatabolism that have the potential to
last several weeks post injury23,27,29,30.
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Methods of nutritional screening
Nutritional screening is an important and necessary device at admission in all
patients. There are a number of nutritional status indices that predict complications of
malnutrition. These indices vary depending on the tool used, but often include weight
change over time, albumin/prealbumin, BMI, acute disease effect, tricep skinfold, mid
arm muscle circumference, and dietary intake history13. In addition, screening for
malnutrition and nutrition assessment will have little impact if screening and
assessment are not followed by adequate intervention and monitoring31. The typical
sequence must therefore be: screening, assessment, intervention, and monitoring. The
most commonly used screening tools include the following: MUST (Malnutrition
Universal Screening Tool), SGA (Subjective Global Assessment), MNA (Mini Nutritional
Assessment), Nutrition Risk Screening 2002 (NRS 2002) and NRI (Nutrition Risk Index)31.
MUST – Malnutrition Universal Screening Tool
The MUST test is composed of three domains: BMI, weight loss over time, and an
acute disease parameter for those expected to have a significantly diminished food
intake for more than 5 days (See Appendix A). This screening tool is easy to perform and
takes into account acute disease making it useful in the hospital setting32.
SGA – Subjective Global Assessment
The SGA (Appendix A) was originally developed for patients with gastrointestinal
diseases, especially those with malignant tumors. This tool grades weight change,
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dietary intake and acute disease. With regard to acute disease it is mostly focused on
gastrointestinal problems with questions relating to nausea, vomiting, diarrhea, and
anorexia. The subjective part of this tool takes into account factors such as loss of
muscle and fat, as well as edema and ascites. This tool is not quite as useful as others
since it takes longer to administer and requires special training to perform, however it is
the only clinical method that has been validated as reproducible and that evaluates
nutrition status and severity of illness by encompassing patient history and physical
parameters31.
MNA – Mini Nutritional Assessment
This is a tool that was specifically developed for the elderly. It includes the MNASF (short form-Appendix A), and the full MNA. The short form provides an easy way to
screen for malnutrition in less than 5 minutes. If the short form is positive for
malnutrition risk, the full MNA must be completed and takes about 20 minutes. This test
has become a gold standard for malnutrition screening and assessment in the elderly;
however its application to the acute care setting may be limited because demented
patients may be unable to answer some of the questions themselves. Provided a reliable
source to answer these questions this tool has significant use and application especially
since it correlates well with albumin levels, which are highly prognostic for morbidity,
mortality, and hospital length of stay31.
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NRS – Nutritional Risk Screening 2002
The NRS (Appendix A) is a tool designed for acute-care hospitals and focuses on
those who can profit from nutritional support during hospitalization. Similar to the
MNA, the first part of the NRS 2003 is a pre-screening tool. The pre-screening section
queries the following: BMI < 18.5 kg/m2, recent weight loss, and recent decrease in food
intake. Disease severity is taken into account in the final question of the pre-screen
which triggers the need for additional screening if the presence of critical illness exists31.
NRI – Nutrition Risk Index
The NRI, developed by Veterans Affairs Total Parenteral Nutrition Cooperative
Study Group, was found to be a sensitive, specific, and positive predictor for identifying
patients with risk for complications after surgery. The NRI uses serum albumin and
percentage of usual body weight to determine nutritional risk. This tool was brought on
by the speculation that there were associations between preoperative weight loss and
increased postoperative complications and mortality32.
NCPM - The Nutrition Care Process and Model
The process of nutrition care may be broken down into a series of steps. These
include nutrition screening, formal nutrition assessment, formulation of a nutrition care
plan, implementation of the plan, patient monitoring, reassessment of the care plan and
reevaluation of the care setting, and then either reformulation of the care plan or
termination of therapy. The Nutrition Care Process and Model is a systematic problem
solving method that food and nutrition professionals use to think critically and make
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decisions that address practice-related problems. The NCPM contains four distinct but
interrelated and connected steps: nutrition assessment, nutrition diagnosis, nutrition
intervention, and nutrition monitoring and evaluation. The NCPM is designed to
incorporate a scientific base that moves food and nutrition professionals beyond
experience-based practice to evidence based practice. As stated previously, the initial
step in the process is screening. The most appropriate screening method accurately
identifies patients who might have a nutrition problem. The approach is to
systematically collect, record, and interpret relevant data from patients, family
members, and caregivers. This process is ongoing and involves initial data collection as
well as continual reassessment and analysis of the patient’s status compared to
specified criteria33,34.
Nutrition Diagnosis
The second step, nutrition diagnosis, Is where a food and nutrition professional
identifies and labels an existing nutrition problem that they are responsible for treating.
The nutrition diagnosis is expressed using nutrition diagnostic terms and the etiologies,
signs, and symptoms describing each diagnosis. There are three distinct parts to a
nutrition diagnostic statement: (1) the nutrition diagnosis describes alterations in a
patient’s status. A diagnostic label may be accompanied by a descriptor such as
“altered,” “excessive,” or “inadequate.” (2) Etiology is a factor gathered during the
nutrition assessment that contributes to the existence of the maintenance of
pathophysiological, psychosocial, situational, developmental, cultural, and/or
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environmental problems. (3) signs/symptoms (defining characteristics) that provides
evidence that a nutrition diagnosis exists33,34.
Nutrition Intervention
The third step is nutrition intervention which is a purposefully planned action
designed with the intent of changing a nutrition-related behavior, risk factor,
environmental condition, or aspect of health status. The nutrition intervention consists
of two interrelated components: planning and intervention. The nutrition intervention is
directed toward resolving the nutrition diagnosis or the nutrition etiology33,34.
Nutrition Monitoring
The fourth step in the process is nutrition monitoring and evaluation, which
identifies the amount of progress made and whether goals/expected outcomes are
being met. Nutrition monitoring and evaluation identifies outcomes relevant to the
nutrition diagnosis and intervention plans and goals33,34.
Nutritional tools and parameters for prediction of outcome
The American Society of Parenteral and Enteral Nutrition (ASPEN) recommends
the use of clinical and biochemical parameters to confirm the presence of malnutrition.
Assessment methods of nutritional status in terms of ability to predict outcomes (most
notably death, infection, and LOS) associated with malnutrition or overall health status
has not been consistent. The most commonly used methods are body mass index (BMI),
percentage of involuntary weight loss in 6 months, serum albumin and prealbumin28,35.
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To compare these methods Beghetto et al.28 studied 434 patients to which 51% had a
prolonged LOS, 23% developed infection, and 7.8% died during hospitalization. In
univariate analysis, serum albumin was the strongest predictive parameter for death
and hospital infection. For longer stays, lymphocyte count emerged as the most
predictive variable. After adjustment for non-surgical hospitalization and cancer
diagnosis, weight loss >5%, and serum albumin <3.5 g/dL were associated to LOS.
Albumin was the only independent variable related to infection and, hospital death28.
Albumin/Prealbumin
Serum protein levels correlate well with nutrition status and severity of illness.
The most often analyzed visceral proteins are albumin, transferrin, and prealbumin29.
The most widely used indicator in the acute care setting is prealbumin due to its short
half life of only 2-3 days, which may be a good indicator of changes in nutrition status in
response to therapy 36-38.
Sung et al.39 evaluated serum albumin upon trauma admission in order to
determine whether or not hypoalbuminemia on admission is a predictor of adverse
outcome. Data was collected daily on 1,023 patients over 2 years. Patients were
stratified by albumin level admission to also include recorded age, gender, injury
severity, and comorbid conditions. Outcome measures included: ICU and hospital LOS,
ventilator days, incidence of infection, and mortality. The mean admit albumin was 2.9 +
1.8. A total of 58% had admission albumin levels of > 2.6 as compared to 42% that had
albumin levels of < 2.6. Patients in this study with albumin < 2.6 were found to have a
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significantly greater ICU and hospital LOS, ventilator days, when matched for age and
injury severity. Also, the relative risk of infection and mortality increased 2.5 fold in
patients with increased age and low serum albumin. It was clearly found that admission
albumin < 2.6 is a predictive indicator of morbidity and mortality in trauma patients39.
Another study by Ito et al.40 investigated the effectiveness of prealbumin as a
measurement of malnutrition compared with albumin and other anthropometric
nutritional assessment methods. A total of 59 patients aged > 65 admitted to an
orthopedic ward were recruited. Initial blood samples for albumin and prealbumin were
taken. Other measures were taken such as BMI, mid upper arm circumference, arm
muscle circumference, and triceps skinfold. A NRS was then calculated. It was found that
of eight patients that had two or more measurements consistent with malnutrition, 50%
also had a low prealbumin (10-17 mg/dl). It was concluded that prealbumin seemed to
be a reliable indicator of malnutrition compared with albumin40.
BMI – Body Mass Index
The BMI accounts for differences in body composition by defining the level of
adiposity according to the relationship of weight to height and eliminates the
dependence on frame size. It is a useful assessment tool because it has a low correlation
with height and high correlation with independent measures of body fat for adults. A
BMI of 14-15 kg/m2 is associated with significant mortality, those less than 18.5 kg/m2
are considered underweight, greater than 25 kg/m2 is considered overweight, and a BMI
greater than 30 kg/m2 indicates obesity. The patient history and physical examination
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are also key components of adequate assessment. The focus should include weight
(ideal, usual, and current, and recent weight loss), changes in eating habits and
gastrointestinal function, the nature and severity of the underlying disease, and any
unusual personal dietary habits or restrictions35.
Physical Assessment
Physical assessment can include the general appearance of the patient, noting
the presence of edema, ascites, cachexia, obesity, skin changes, dry mucous
membranes, and poorly healing wounds. In addition the musculoskeletal system should
be inspected and palpated, recognizing asymmetry may occur with a preexisting
neurologic disorder such as stroke and the size of the muscles are exercise dependent.
The clinician can often identify loss of subcutaneous fat and muscle wasting in patients
with severe underlying disease or those who are bedridden35. Another important finding
of physical assessment is for specific nutrient deficiencies. It should be focused on hair
bearing areas, the oral mucosa, and peripheral sensation in the hands and feet35.
Factors associated with nutrition assessment tools
Nutrition assessment is a complex process, involving detailed assessment of
nutrition intake, changes in body composition (BMI), signs and symptoms of nutritional
deficiency or excess, and laboratory tests (albumin, prealbumin, transferrin). Adding to
the complexity is the difficulty in obtaining an accurate measurement of current and
previous weight to allow calculation of rate of weight loss. As a result, clinicians have
sought other means to detect malnutrition with the highest degree of reliability
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possible. This usually involves plasma protein as previously discussed. The main factor
affecting serum albumin in patients is the rate of transcapillary escape into the
interstitial fluid. This transcapillary escape of albumin is markedly increased in disease as
part of the systemic inflammatory response syndrome (SIRS), leading to decreased
plasma albumin concentrations. It is therefore obvious that postoperative patients and
those with severe infection will have low plasma albumin concentrations and the more
severe the disease, the lower the albumin, and therefore the lower the albumin, the
worse the prognosis37. Although albumin does not appear to be the absolute best
marker of nutrition status in the acute setting there does appear to be a place for
prealbumin. In addition, C-reactive protein (CRP) may be used since it is a marker of
inflammation, and therefore may help distinguish between depressed PAB levels
secondary to acute illness vs. depressed PAB levels secondary to malnutrition36.
Robinson et al.37 compared a standard nutrition screening and assessment
protocol to nutrition and assessment using PAB. The two protocols were compared in
terms of (1) the proportion of malnourished patients identified; (2) the time from
hospital admission to time when malnourishment was identified; and (3) the time from
admission to initiation of nutrition support when indicated. In addition, the usefulness
of PAB as a nutrition screening and assessment tool was compared with RBP and ALB37.
A total of 320 patients were included in the study, of which 178 received formal
nutrition assessment by an RD, and 104 were diagnosed as malnourished (58%). Using
the PAB criteria 51% (91 of the 178) were considered malnourished. This suggests that
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standard protocol, PAB, and RBP had similar probability of diagnosing a patient as well
nourished or malnourished when a nutrition diagnosis was made. An interesting finding
in this study was that standard nutrition screen/assessment protocol took 3 days to
identify those patients who were malnourished at the time of admission, 5 days to
initiate nutrition support when indicated, and 7 days for such patients to achieve 75% of
their nutrient goals. The data were analyzed to determine whether each of the 2
protocols had an equal probability of returning a nutrition diagnosis before 72 hours.
The standard nutrition screen/assessment protocol returned a nutrition diagnosis within
72 hours of admission in 122 of 178 patients (69%). Contrary to these findings the PAB
protocol made a diagnosis within 72 hours of admission in 168 of the same set of 178
patients (94%)37.
Devoto et al.36 studied protein-energy malnutrition (PEM) prevalence and PAB
serum concentrations in 108 hospitalized patients. The reference method used to detect
PEM was the Detailed Nutritional Assessment (DNA). PAB performance was also
compared to two other methods, the SGA and Prognostic Inflammatory and Nutritional
Index Score (PINI). The DNA method included chart review for height and weight,
unintentional weight change over 3 months, total lymphocyte count, serum albumin,
total cholesterol concentration, BMI, energy requirements and intake during a 24-h
period, and the presence of risk factors for malnutrition. SGA was measured as
discussed previously, and PAB/RBP was measured and placed patients into 3 categories:
normal, with PAB >17mg/dL; mild malnutrition, with concentrations of 10-17 mg/dL;
and severe malnutrition with concentrations <10mg/dL. For RBP, cutoff values were as
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follows: normal, with RBP concentrations >0.03 g/L; mild malnutrition, with
concentrations of 0.02-0.03g/L; and severe malnutrition, with concentrations <0.02
g/L.36.
The PINI method is based on the measurement of the plasma concentrations of
albumin, alpha-1 acid glycoprotein, and CRP. PINI score <1 = normal, PINI score 1-20 =
mild-malnutrition, and PINI score >20 = severe malnutrition. For each method,
percentages of patients in each category were as follows: DNA, 41% mild malnutrition
and 19% severe malnutrition; SGA, 40% mild malnutrition and 13% severe malnutrition;
PINI 35% mild malnutrition and 29% severe malnutrition; PAB 44% mild malnutrition
and 16% severe malnutrition; and RBP, 42% mild malnutrition and 17% severe
malnutrition. The authors concluded that PAB showed the best concordance with the
DNA reference method and had good sensitivity and specificity profile. The authors also
state that despite some limitations of PAB in conditions such as inflammatory stress it
can still be used as a reliable marker of malnutrition. They also concluded that PAB is an
inexpensive, feasible, and reliable tool in the evaluation of malnutrition affecting
hospital patients, particularly where it is difficult to perform a more detailed
comprehensive nutritional assessment such as the DNA36.
Kudsk et al.41 conducted a study evaluating patients undergoing elective surgical
procedures of the esophagus, stomach, pancreas, or colon for either benign or
malignant disease to identify and quantify relationships among markers of preoperative
nutritional status and postoperative complications. The goal of this study was to identify
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a simple, but clinically useful, preoperative indicator of the postoperative recovery from
elective general surgical procedures. Charts were evaluated for documentation of
weight loss, percent ideal body weight, and various hematologic (total lymphocyte
count) and biochemical parameters associated with nutritional status (albumin,
prealbumin, total protein, and transferrin) and compared with the development of
complications, the use of hospital resources, postoperative stay (POS), intensive care
unit (ICU) days, and use of postoperative parenteral nutrition support. Only those who
underwent elective gastrointestinal surgery who could have been provided preoperative
nutrition support were included in this study. Charts were evaluated for major
postoperative complications including pneumonia, fasciitis, anastomosis or wound
dehiscence, intra-abdominal abscess, renal or respiratory failure, decubitus ulcer
formation, or death41.
This study showed that stepwise drops in preoperative albumin increases the risk
of major complications and increases resource use as measured by postoperative stay
and ICU stay. In addition, the patients with the highest risk by albumin had the longest
delays in resuming oral intake, which compounds the problem of progressive,
unremitting loss of lean tissue and need for further resource use. This study
demonstrates the possibility of using an assessment tool such as albumin as a
preventative measure of malnutrition for major gastrointestinal surgery41.
Kyle et al.42 looked to determine if moderate and severe nutritional depletion by
Nutrition Risk Index or serum albumin at hospital admission were associated with
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increased length of hospital stay in patients admitted to hospitals in two European
countries (Switzerland and Germany). It was found that age, BMI, and albumin
decreased and weight loss and LOS increased significantly with increased nutritional risk
by NRI. Thirteen percent of all patients had a low BMI (<19 kg/m2), 8% had weight loss >
10% and 13% had low serum albumin (<3.5 g/dl). Thus it is suspected that age, low BW,
recent weight loss, and low albumin contribute to greater frequency of moderate or
severe nutrition depletion. Moderate and severe nutrition risk by NRI was significantly
associated with LOS >11 days in patients. In addition, albumin was significantly
associated with LOS >11 days in patients and weight loss > 10% was borderline
significantly associated with LOS > 11 days. The study authors concluded that there is a
significant association between NRI and LOS, which strengthens the argument that
nutritional status needs to be determined at hospital admission in order to initiate early
active treatment in at-risk patients42.
Evaluation of meal intake using the meal portion method
The Meal Portion Method (MP) was designed to estimate calorie and protein
consumption from the portion of food items actually eaten by the patient, who is
evaluated at the time plates and dishes are cleared away35. When plates and dishes are
being cleared away, the nursing staff evaluates the portion of the meal that has been
eaten using one-half or one-quarter portions. If written food preparation methods are
available and the quantity of ingredients used in the preparations is known,
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macronutrient and caloric content can then be calculated43. This is a very simple method
which requires limited time to perform and limited amounts of training (Appendix B).
Berrut et al.43 aimed to test the validity of the MP method in terms of its
precision and accuracy. Three studies were conducted with the following objectives:
Study 1, meals mimicking a reduced food intake were prepared in which the evaluation
of calorie consumption (CC) and protein consumption (PC) with the MP method was
compared with the true CC and PC; Study 2, staff from different backgrounds (nursing,
dietetics, or medical) were compared in their evaluations; and, Study 3, consistency of
the estimate (via the MP method) was assessed after 1 year of using the method
without additional training43.
In Study 1, analyzed meals represented 326 + 119 kcal and 13 + 5 g of protein.
Calorie consumption estimates by MP method did not differ significantly from true
values obtained by weighing. PC estimated by one-half portions did not differ from the
true value, but PC estimated by one-quarter portions differed significantly from the true
value (mean difference is -2 kcal/-0.8 g for the one-half portions and -7 kcal/-1.0g for
the one-quarter portions). Study 2 evaluated the ability of various clinicians to estimate
CC or PC appropriately and measured the differences between each group. They found
that estimates for breakfast and lunch did not differ between nursing staff (368 + 141
kcal), dietitians (378 + 144 kcal), and medical personnel (383 + 146 kcal). The same was
true for PC (20 + 7.2 g, 20.5 + 7.0 g, and 22.5 + 6.0 g). Study 3 showed that
disagreements in portions consumed were more frequent for lunch and dinner and
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involved all possible items in each meal, however the total number of discordances
(quoting portions differently) was limited (25 of the 298 estimates).
Malnutrition risk is an obvious concern among acute care patients, especially
those who are critically ill. Reduced energy intake is a determinant of weight loss and is
correlated with later complications. The MP method is robust and reproducible between
observers and can be carried out on a large scale43.
In a study conducted by Dhingra et al.44 estimation of food intake was evaluated
using recording of portion size consumed, instead of post-weighing, as a method. A total
of 930 feeding episodes were observed among 128 children aged 12-24 months in which
actual intake was available by pre- and post-weighing. A nutritionist recorded “none”,
“less than half”, “half or more”, and “all”. Using the pre-weighed offering, available
intake was estimated by multiplying portion sizes by the estimated weight. The two
methods were closely aligned which suggest that food intake estimated by visual
observation and estimation is a useful and valid method for assessing dietary intake44.
Implications of nutrition on wound healing
The prevalence of wounds which includes diabetic ulcers, arterial ulcers, venous
ulcers, thermal and other traumatic injuries, and surgical incisions in acute care is
estimated at 8-12%45,46. The most significant factor known to cause pressure ulcers in
hospitals occurs when the pressure between the bony prominence and support area
exceeds normal artery capillary pressure and causes a reduction of blood flow with
ischemia and hypoxia. This causes anaerobic cellular metabolism which leads to edema
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and begins an inflammatory process with blood and lymphatic vase occlusion46. The
next step in the process is the activation of chemotaxis and the arrival of phagocytes
and neutral leukocytes, the release of proteolytic enzymes and growth factors with
fibroblast proliferation and endothelial cell migration until granulation tissue starts to
develop. Poor nutritional status and poor nutritional intake have been associated with
the development of pressure ulcers and delayed healing of wounds. Although the link
between wound development/healing and nutrition remains unclear adequate nutrient
intake is recognized as necessary to provide substrate for efficient wound healing or
treatment43,46. This includes the distinct role of various macronutrients and
micronutrients in the prevention and healing process of a pressure ulcer. In addition to
poor ingestion of macronutrients and micronutrients leading to malnutrition, another
major factor in terms of wound healing is that of dehydration which makes the skin
more fragile and susceptible to breakdown46-48.
The most significant challenge poor nutrition has on wound healing involves
prolonging the inflammatory phase of healing, which also includes decreasing fibroblast
proliferation, and altering collagen synthesis. Several nutrients have been proposed to
positively influence wound healing. The most popular being arginine, glutamine, zinc,
and vitamin c, however current nutrition therapies are aimed at treating nutrient
deficiencies responsible for delayed wound healing48.
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The three phases of wound healing
The healing process is divided into three primary phases to include:
inflammatory, proliferative, and remodeling/maturation. The inflammatory phase
occurs immediately after a wound is inflicted and thromboxane A2 and prostaglandin 2α
are released by cell membranes. These vasoconstrictors cause a temporary reflex
vasoconstriction and reduction in bleeding and within seconds a clotting cascade is
stimulated by the damaged endothelium and presence of platelets resulting in the
formation of a clot. This clot is composed of collagen, platelets, thrombin, and
fibronectin. These substances help release cytokines and growth factors which attract
neutrophils to the wound site and initiate the inflammatory response. The proliferative
phase occurs on the fourth day after wounding and is characterized by the early
appearance of fibroblasts in the wound bed. The four steps to this phase are (1)
angiogenesis, (2) epithelialization, (3) granulation, and (4) tissue formation and collagen
deposition. The goal of these steps is to form new granulation tissue with fibroblasts
being the main cell type responsible for building this tissue, which occurs about 1 to 2
weeks after wounding. Fibroblasts are stimulated by TGF-β growth factor for the
production of collagen. They also secrete a number of growth factors during wound
healing to ensure angiogenesis, epithelialization, granulation, tissue formation, and
collagen deposition. The final phase of the healing process begins about a week after
the wound is inflicted and can continue for as much as one year or longer. Fibronectin is
the initial component in the extracellular matrix that forms a preliminary fiber network
which has two key functions: act as a template for collagen deposition and as a platform
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for migration of cells and cellular growth. As collagen becomes the primary component
of the extracellular matrix it results in tensile wound strength. The tensile strength of
the wound reaches 20% of normal uninjured skin within 3 weeks of injury and gradually
reaches a maximum of 70-80% tensile strength after about a year48.
Indices associated with wound risk and delayed healing
Indices of nutrition status that have been associated with increased risk of
pressure ulcers and delayed wound healing include low BMI, significant weight loss,
hypoalbuminemia, reduced intake, and inadequate dietary protein49. Although these
indices are common they may not all be adequate indicators for risk of pressure ulcer
development. For example, serum albumin is a negative acute phase protein and will fall
during any inflammatory process such as is commonly seen with and advanced stage
wound (stage III or IV)15. In the critically ill population, hypoalbuminemia is more directly
correlated with severity of illness than the degree of malnutrition. Once the patient
stabilizes albumin may be a more accurate reflection of nutrition status. Close
evaluation is necessary and the more data available the better the assessment and
ability to develop the best plan of action to heal the wound. To evaluate the healing rate
the dietitian should evaluate the wound size (length, width, depth, and any tunneling)
and rate of healing or on-going risk with a tool such as the Braden Scale (appendix C).
The Braden Scale is based on the patient’s level of risk for development for pressure
ulcers. The evaluation is based on six indicators: sensory perception, moisture, activity,
mobility, nutrition, and friction or shear50. The presence of epithelialization and
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granulation tissue, drainage, necrotic tissue, signs of infection, pain, and adequacy of
circulation place the patient at increased metabolic stress. An increase in exudates,
purulent drainage, wound edema, or loss of granulation tissue is an indicator of
deterioration in healing50.
Recommendation for wound healing - Kcalories
There is no magic bullet for wound healing and combinations of all nutrients are
important keys to success. Recently the National Pressure Advisory Panel (NPUAP) and
the European Pressure Ulcer Advisory Panel (EPUAP) recommended a minimum of 3035 kcals/kg for energy needs. For those who are underweight or losing weight the
NPUAP recommends increasing these levels to 35-40 kcals/kg/day. These guidelines
should be used with good clinical judgment and should take into consideration other
factors, such as severity, number, and size of wounds, stage in the healing process,
comorbidities, age, body weight, and activity level. In addition, special populations must
be taken into consideration such as those with spinal cord or burn injuries45.
Recommendations for wound healing-protein
The NPUAP recommends protein for wound healing at a range of 1.25-1.5g/kg to
reach positive nitrogen balance with ranges as high as 2.0g/kg in some instances.
Extensive losses can occur from draining wounds or fistulae, but these amounts are
difficult to quantify leaving much of the recommendation to clinical judgment45.
Recommendations for wound healing-lipids
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There are no current recommendations on the amount of fatty acids to
supplement for wound healing. The effect of either essential fatty acids or omega-3
fatty acids has yet to be determined. Although some speculation has been suggested
that omega-3 fatty acids would have a positive effect on wound healing due to their
anti-inflammatory benefits, a study conducted by Albina suggested otherwise. In this
study, rats fed a diet with 20% lipid for three weeks pre-wounding and 10-30 days postwounding showed decreased wound tensile strength after 30 days in the group fed a
diet high in omega-3 fatty acids (17% menhaden oil and 3% corn oil) compared with a
group fed omega-6 fatty acids (20% corn oil). The authors felt that the impairment in
wound healing was due to collagen fiber orientation or degree of cross-linking of the
fibers51.
Recommendations for wound healing-fluid
Adequate fluid to maintain good skin turgor and blood flow to wounded tissues is
critical for the treatment and prevention of skin breakdown. The NPUAP recommends
30-40 ml/kg or 1-1.5 ml/kcal expended. Increased fluid losses due to evaporation from
an open wound bed, severe pressure ulcers, draining wounds, or fever should also be
considered14.
Recommendations for wound healing-amino acids and micronutrients
Other factors to consider in the treatment of wounds include arginine,
glutamine, and vitamins A, C, and Zinc. Large outcome studies are needed to establish
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the clinical benefits of supplementation with regard to immune function, nitrogen
retention, and wound healing45.
Nutrition goals to support wound healing
Nutrition goals of nutrition intervention are established to facilitate healing,
reduce infection risk, maintenance or repletion of nutrient stores, and improved
tolerance and acceptance of the nutrition regimen. The recommendations as supported
by the NPUAP include: (1) provide adequate energy to maximize nitrogen retention and
facilitate wound healing; (2) provide adequate protein for positive nitrogen balance; (3)
provide 100% of the RDA or adequate intake for vitamins and minerals daily; (4) treat
suspected or confirmed vitamin and mineral deficiencies, especially zinc, vitamins A and
C; (5) monitor outcomes of food and supplements above the tolerable upper limits to
avoid nutrient toxicity (6) maintain optimal hydration status and perfusion to wounded
tissues; (7) maintain glycemic control; (8) monitor adequacy of nutrient intake; (9)
monitor actual vs. desired outcomes from nutrition interventions; (10) adjust nutritioncare plan as needed to reach desired outcomes 43-48.
Summary
Hospital wide malnutrition continues to be of concern for clinicians with
particular concern for the critical care/trauma population1-5,30. Malnutrition has been
linked to increased length of stay, increased costs, and higher complication rates1-6.
Early feeding (within 72 hours) of injury has been demonstrated as the most critical area
of concern for blunting the inflammatory response associated with malnutrition of the
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critical care/trauma patient39. Of utmost concern is appropriately screening at risk
patients upon admission and following an organized process to assess and formulate a
care plan that closely monitors the patient’s progress from admission to discharge such
as the previously mentioned Nutrition Care Process and Model33,34. Other methods of
assessing nutrition status include BMI, prealbumin, and weight change over time28,35.
Once proper assessment is complete predicting the most appropriate nutrient
requirements is essential. The ADA recommends the use of Mifflin-St. Jeor to calculate
BEE with a stress factor of 140% for trauma patients27. Another commonly used
equation for this population that has promise is the Penn State equation22,45. An
important component to predicting energy needs is that of whether to underfeed, or
feed at target upon early insult. Although studies support both methods, a growing body
of evidence has been shown to support underfeeding kcalories during the early phase of
injury7,8,25,27-30. Further research is needed in terms of finding the best predictive
equations when indirect calorimetry is not available. In addition, further studies need to
be conducted in the areas of appropriateness of feeding (under feeding or feeding at
goal) and the best assessment methods such as the use of prealbumin to determine
nutrition status. Promising research has demonstrated positive outcomes such as fewer
ventilator, antibiotic, and ICU days, and complete tissue healing of wounds with
successful nutrition regimens22,23,25.
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Chapter 3
METHODOLOGY
Objectives
The objectives of this study were to determine whether post-trauma “feeder
patients” which are described as those patients who cannot feed themselves and
therefore must be fed by staff or caregivers, have greater nutritional challenges than
those who have the ability to feed themselves. The fact that their feeding is completely
dependant may not allow for the advantages of someone who is completely
independent, such as feeding as soon as food arrives to the bedside, dignity of eating
alone, and the ability to eat in a way familiar and comfortable for them. The results of
this objective are multifactorial and vary from facility to facility depending on nursing
and dietary staff involved. The hypotheses in this study put to the test the ramification
associated with limited intake of Kcalories and protein that may be associated with
these “feeders”. This study aims to determine if “feeder” patients are at greater risk of
increased length of stay due to diminished nutritional status and delays in healing and
recovery.
The outcome for nutritional repletion is commonly measured by assessment of
prealbumin. In addition, poor intake will not allow for proper healing of wounds. This is
often assessed by using the Braden Scale and assessing a “usual” food intake pattern. A
sign of risk according to this scale is a patient who never eats a complete meal or rarely
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eats more than 1/3 of any food offered. If a patient has a low or declining prealbumin
and they are in the recovering phase of healing without inflammation it is likely that
nutritional status is being compromised. Likewise, poor intake of Kcalories and protein
are contributing factors for low or declining Braden scores resulting in poor wound
healing. It is not uncommon for either group (“feeders” or “non-feeders”) to be
nutritionally compromised; however it is hypothesized by this investigator that those
who are dependant feeders are at greater risk.
Research design
This was a prospective descriptive study conducted at a level I trauma facility in a
large inner city teaching hospital in Florida. The purpose of the study was to determine
if there was a difference between post trauma patients receiving an oral diet with the
inability to self-feed (at this hospital these patients are described as “feeders”) and
those with the ability to self-feed in their length of hospital stay, intake of Kcalories as a
percent of their estimated needs, and intake of protein as a percent of their estimated
needs. In addition, the study determined if patients with unmet Kcalorie and protein
needs experienced prealbumin decline and delayed wound healing. The combination of
metabolic stress and inadequate oral intake was also related to complications which
impede patient recovery. Therefore patients receiving less than their estimated energy
and protein needs were evaluated for poor outcomes in comparison to those fully
meeting their estimated needs. The University of North Florida’s Institutional Review
Board approved this project on May 5, 2010.
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Subjects
Trauma patients who were prescribed an oral diet were identified based on the
daily trauma census. The institutional review board (IRB) approved a waiver of consent
and a waiver of HIPAA authorization to allow for de-identified data to be collected from
each person’s medical record including information on their dietary intake. Patients
were enrolled as a convenience sample as they arrived in the trauma step-down unit.
Patients who were intubated or in the trauma unit were excluded. In addition, all
patients receiving feeding by tube or IV were excluded. All enrolled patients were
receiving an oral diet (advanced past full liquids) at the time of enrollment. Patients
were then followed throughout their inpatient stay on the trauma step down unit until
discharge.
Patients were placed into two different groups; those who required feeding
assistance (“feeders”) and those who were feeding independently. Data was then
collected from the trauma census, the medical record, and during meal rounds. Meal
round data was collected by the PI and/or UNF nutrition student volunteers during
breakfast, lunch, and dinner Monday through Friday. Average daily intake data for the
entire week (Monday – Friday) was extrapolated to determine the patient’s daily intake
on Saturday and Sunday.
A total of 11 patients fully met study criteria and were therefore recruited to
participate between March 1, 2011 and May 30, 2011. 135 patients were not enrolled
based on exclusion criteria. Staffing for the project was appropriate so no patients were
eliminated due to staffing issues.
50

Inclusion/Exclusion
Patients were approached to participate in this study after the PI and/or student
volunteer pulled the daily trauma census record. The trauma census record was printed
each morning by the unit secretary and left at the unit secretary’s desk in an enclosed
envelope. Patients meeting inclusion/exclusion criteria were identified by the PI and/or
student volunteer from the trauma census record. Nutrition students that had been
trained to complete the daily intake forms for all meals were used to provide coverage
for recruitment of post-trauma patients. The PI and nutrition volunteers were available
to recruit patients five days per week and 12 hours per day. The post-trauma unit was
chosen as the designated unit for following patients. If a patient was not transferred to
this unit (went to a different unit) they were not included in the study.
Instruments
The following parameters were gathered and reported by way of chart/medical
record and trauma census search: age, gender, height, weight, Braden Score, length of
stay, pre-albumin, diet order, nutrition risk status, Kcalorie needs, and protein needs.
The BMI was calculated based on height and weight data provided in the medical
record. Feeding assistance information was gathered by the PI and/or student nutrition
volunteers by asking the patient’s nurse or CNA or by visually observing the patient
being assisted. An equation was developed by the PI to determine percentage of
Kcalories and protein consumed as a percentage of estimated nutritional needs. Since
there is wide variation in a patient’s nutritional requirement in comparison to the
amount of Kcalories and protein available per day, it was necessary to use an equation
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that was a measure of intake versus estimated needs. This equation is calculated as
follows:
Actual Kcals or protein available x percent of meal consumed/Kcals (or protein)
required= % kcals (or protein) consumed from kcals (or protein) required.
*Example (Monday): 2,200 Kcals (served for the day) x 50% consumed/1750 Kcals
required = 63% intake as a percent of estimated needs for the day

Study results will be reported as:
1. Demographics (divided into age categories)
2. Gender
3. Prealbumin
4. BMI
5. Total length of stay
6. Diet order
7. % Kcalories needs met
8. % Protein needs met
9. Braden Scale
Statistical Analysis
The data (n=11) was entered into a spreadsheet (MS EXCEL version 2010). Data
from the spreadsheet were imported into SPSS (Statistical Package for the Social
Sciences) version 19 (Chicago, IL) and SAS version 9.2 (Cary, NC) for statistical analysis.
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Continuous variables were utilized in the analysis with means and standard deviations
provided. Continuous variables were also categorized based on validated cut off points
with frequencies provided. Categorical variables were coded and percentages are
presented.
To determine the appropriate test, distributions were examined with outliers
considered. Due to the small sample size, parametric tests could not be utilized (normal
distribution could not be assumed). The Wilcoxon-signed rank test was used to test the
difference between means for feeder vs non-feeder patients with p-values and 95%
confidence intervals reported. P-values were tested at 0.05 in the traditional manner.
The Kruskal-Wallis test for medians was also used to verify results. Spearman’s nonparametric test for correlations between outcomes and covariates with correlation
coefficient s and p-values were reported to identify statistically significant correlations
between intake-related variables and outcomes.
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Chapter 4
RESULTS
The following results are presented to describe the characteristics of feeders and
self feeders. Additional results are presented to describe the statistical testing used for
the described hypotheses. Correlation tests were performed to determine if higher
values in Kcalories and protein were correlated with higher scores in Braden Scale and
prealbumin as averages per subject. Due to the limited sample size this was the only
approach available to determine any potential relationship between these two groups.
In order to conduct an analysis that would match the hypotheses chosen for this study
at least 10 patients in each category would have been required. The difficulty in
developing a larger sample size was due to hospital discharge before enough data could
be extracted in order to draw meaningful conclusions. Nevertheless, this study
demonstrated a possible trend in LOS. Feeder patients experienced an average length of
stay that was an average of 2.7 days longer than self-feeders.
Trauma Patient’s Demographic Characteristics
Eleven trauma patients were recruited to participate in the study with 45% being
male and 55% being female. Of those who were self-feeders, all were female while for
feeders, 83.3% were male and 16.7% were Female. The mean age of those enrolled in
the study was 44.4 years of age with a wide age distribution, from 20 to 75 years of age.
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Self-feeders were slightly older with a mean age of 46.4 while feeders had a mean age
of 42.7 years. Patients’ overall length of hospital stay (LOS) was an average of 24.1 days
with feeders (25.3 days) staying slightly longer than self-feeders (22.6 days). Refer to
table 1.
Table 1. Characteristics of self-feeders and feeders
Post-Trauma Patient’s

Self- Feeders
n=5 (%)

Feeders
N=6 (%)

Total
N=11 (%)

Male

0 (0%)

5 (83.3%)

5 (45%)

Female

5 (100%)

1 (16.7%)

6 (55%)

Age (n=11)

46.4 +/- 22.1

42.7 +/- 6.28

44.4 +/-18.3

LOS (n=11)

22.6 days +/-

25.3 days +/-

24.1 days +/-

9.4

5.7

7.3

Characteristics
Gender (n=11)

Trauma patients’ physical characteristics
Of the patients enrolled in the study four (36%) were of normal weight at
admission, three (28%) were overweight, and four (36%) were obese. There were no
individuals who were underweight using standard classifications by the World Health
Organization (WHO). The WHO regards a BMI of less than 18.5 as underweight and may
indicate malnutrition, an eating disorder, or other major health problems while a BMI
greater than 25 is considered overweight and above 30 is considered obese54. Of
patients who were self-feeders two (40%) were of normal weight, one (20%) was
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overweight and two (40%) were obese. Of patients who were feeders 2 (33.3%) were of
normal weight, two (33.3%) were overweight, and two (33.3%) were obese. Figure 1
describes trauma patient’s weight by feeding status.
Figure 1
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Of the patients enrolled in the study, most were receiving a regular diet 73% (8)
and they were equally distributed between self-feeders and feeders. Of the self feeders
there was also one person who was on a pureed diet. Of the feeders, there were two
people who were on diabetic diets. Figure 2 describes the distribution of diet order to
feeding status.
Figure 2.
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Prealbumin is a measure of severe malnutrition. Of the patients who were
enrolled in the study, one (9%) was at severe risk, while five (46%) were at mild risk.
Four (36%) individuals had normal prealbumin levels. Of those who were self-feeders,
one (20%) was at severe risk and two (40%) were at mild risk. Of the feeders, none
were at severe risk and three (50%) were at mild risk. Of note, one patient did not have
a prealbumin completed.
Figure 3.

(Note: These are average prealbumin levels representing the entire length of stay)
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Patients Nutritional Risk was assessed by computing a Nutrition Risk Score MNA
(Mini Nutrition Assessment-Appendix A) based on BMI, % intake based on estimated
needs, and acute disease. Of patients enrolled in this study, only one (9%) was at high
nutritional risk and three (27%) were at moderate risk. The one person at high
nutritional risk was a self-feeder and represented 20% of self-feeders, while another
20% (one) was at moderate risk. In comparison, 33.3% of feeders were at moderate
nutritional risk (none were at high risk) and 66.6% were at low nutritional risk.
Figure 4.
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Patients were also assessed based on percent of Kcalorie needs met verses
required by meal consumption using the Meal Portion Method (see Appendix B).
Overall, only 1 patient consumed 100% of their estimated requirements, while one
patient came very close comsuming 97% of requirements. For self-feeders, only three
of the five patients were able to provide data. Of those three, two consumed less than
50% of their dietary needs. Of the feeding patients, four (67%) consumed less than 50%
of their dietary needs, while two consumed 71% and100% respectively.
Figure 5.

(Note: two people did not supply data)
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Patients were also assessed based on the percent of their protein needs met
verses required by meal consumption using the Meal Portion Method (see appendix B).
Overall, only one patient consumed 100% of their dietary protein needs. For selffeeders, only four of the five patients were able to provide data. Of those four, all
consumed 50% or less of their dietary protein needs. Of the feeding patients, four
(67%) consumed less than 50% of their dietary protein needs, while two consumed 52%
and 100% respectively.
Figure 6.

(Note: 1 patient did not supply data.)
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The Braden score is a summated rating scale made up of six subscales scored
from 1-3 or 4, for total scores that range from 6-23. The lower the individual scores on
the Braden Scale, the more likely the individual is to develop bed sores. A Braden Score
of 12 or less is considered ‘high risk’ for development of bed sores55. This lower score
also indicates a lower level of functioning and, therefore, a higher level of risk for
pressure ulcer development55. The Braden Scale evaluates each patient in the following
areas: sensory perception, degree to which the skin is exposed to moisture, the
individuals level of activity, the individuals ability to change positions, nutrition, and the
exposure to situations that can result in friction and shear to the skin55. Of patients
enrolled in the study, five (46%) had skin that was “intact.” Of those with “intact” skin,
two (40%) were self-feeders and three (50%) were feeders. Of the feeders, two (33.3%)
were improving, while one had no change. Of the self-feeders, one (20%) was
improving, while one (20%) had no change, and one (20%) was worsening.
Figure 7.
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Hypothesis Testing Results
1: Feeders will have a longer LOS than self-feeders.
There was no statistically significant difference found between feeders (mean: 22.6
days; 95%CL: 10.9, 34.3) and non-feeders (mean: 25.3days; 95%CL: 19.4, 31.3) for LOS
(p=0.4635)
2: Feeders will have a lower percentage of intake of Kcalories than self-feeders.
There was no statistically significant difference between feeders (mean: 2106.2; 95%CL:
1254.3, 2220.5) and non-feeders (mean: 1737.4; 95%CL: 1607.7, 2604.7) for Kcalorie
intake (p=0.1004).
3: Feeders will have a lower percentage of intake of protein than self-feeders.
There was no statistically significant difference found between feeders (mean: 112.6;
95%CL: 67.7, 157.5) and non-feeders (mean: 125.2; 95%CL: 73.5, 176.8) in terms of
protein intake (p=0.3919).
4: Patients whose Kcalorie needs are met will have higher prealbumin (PAB) levels than
those whose kcalorie needs are not met.
The PAB variables were averaged for each subject and this average was compared to
Kcalorie intake vs. requirements. There was not a statistically significant correlation
between PAB average and Kcalorie intake (rho=-0.03, p=0.9338).
5: Patients whose protein needs are met will have higher prealbumin levels than those
whose protein needs are not met.
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The PAB variables were averaged for each subject and this average was compared to
protein intake vs. requirements. There was not a statistically significant correlation
between PAB average and protein intake (rho=0.104, p=0.7763).
6: Patients whose kcalorie needs are met will have a higher Braden Scale score than
those whose kcalorie needs are not met.
The Braden scale score was averaged for each subject and this average was compared to
Kcalorie intake vs. requirements. There was not a statistically significant correlation
between Braden Scale average score and Kcalorie intake (rho=0.15, p=0.6543).
7: Patients whose protein needs are met will have a higher Braden Scale score than
those whose protein needs are not met.
The Braden scale was averaged for each subject and this average was compared to
protein intake vs. requirements. There was not a statistically significant correlation
between Braden Scale average and protein intake (rho= 0.10, p=0.7763).
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Chapter 5
CONCLUSIONS
No conclusion could be drawn regarding differences between post trauma
feeder patients and non-feeder patients regarding, wound healing, and rate of
nutritional repletion. Given a 2.7 day difference in length of stay it can be concluded
that feeder patients have a trend toward longer lengths of stay. The results of this study
lay the groundwork for very interesting follow-up research. A future study conducted to
determine patient outcomes once they are discharged from the hospital would be
important. As mentioned in the literature review of this paper, trauma patients continue
the process of metabolic stress for as many as 30 days. Therefore, those patients who
are discharged within this window remain in a potential state of nutritional decline.
Following these patients using similar methodologies would determine whether feeder
patients decline depending on assistance provided, or begin to thrive once their ability
to self feed returns.
Limitations
One of the limitations of this study was obtaining a substantial sample size due
to early discharge of patients to home, rehab centers, or long term care centers. While
there was little difference between groups, it could be speculated that nursing staff on
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the patient care unit provided substantial assistance to feeder patients involved in this
study. It is still possible that care levels for feeder patients are subject to change
depending on the staff employed to care for these patients. Another possibility is the
Hawthorne Effect, in which after a time period nurses and CNAs despite being blinded
knew trays were being monitored and paid careful attention to their assigned patients
and encouraged their oral intake while the PI and student nutrition volunteers were
present, which was the majority of the time during the three month study period.
Other confounding variables include the use of supplements and Registered
Dietitian (RD) recommendations. Although supplements were included in the
calculations for food intake, it was often difficult to determine how much of a
prescribed supplement was being consumed. Supplements come in various forms, such
as powders, liquids, and bottled beverages. It was often difficult to determine when a
powder was mixed into a beverage and whether or not the patient consumed the
beverage that contained the mixture. In this instance, the observer would ask the
nursing staff or meal cart delivery person whether or not a prescribed supplement was
mixed into a prepared beverage. In addition, the area where this study was performed
contained only two Registered Dietitians. These RDs have a tendency to feed more
aggressively than their counterparts in other institutions, especially during the
metabolic phase of the patient’s recovery. The patients in this study were prescribed an
average recommendation for protein of 2.0 g/kg. Although this level meets nutrition
support standards of practice and NPUAP guidelines, it is at the high end of the scale
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and could be affecting these improvements in prealbumin and wound healing leading to
early discharge.
Application to Practice
High risk patients that require feeding assistance should be an area of concern
for the registered dietitian. The RD closely monitors kcalories and protein intake as a
percentage of requirements when the patient is receiving nutrition administered via
tube or oral. When intake declines the RD then often gravitates to nutritional
supplements and continues to monitor intake records recorded by nursing. This study
presents an additional area of observation for the RD. The RD should pay close attention
to nursing staff as they feed those who require assistance. In addition, the RD should be
at the forefront of patient care in terms of the process from the time the tray cart leaves
the kitchen to the point to which it arrives to the patient’s room and when the meal is
served. Non-feeder patients are self sufficient and have the ability to receive a tray and
begin to feed, however feeder patients require staff to initiate this feeding. If staff
cannot perform this function adequately the meal turns cold and is therefore inedible.
The result is poor intake, and in time nutritional decline. The RD also has the
responsibility to monitor nursing assistants for the administration of meals at the
bedside. The nursing assistants should be trained to feed patients in a manner that is
encouraging and supportive and work toward the goal of retraining these patients to
being self sufficient feeders. If the assistants are not properly trained to perform the
function the RD should step in and bring this to the attention of the nursing managers.
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Once again, the result could in time cause nutritional decline as evidenced by longer
lengths of stay and poor outcomes.
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APPENDIX A
Nutrition screening tools
MUST

Graphic redacted. Paper copy available upon request to home
institution.
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Subjective Global Assessment
Weight change*:
1. Please document weight loss:

Loss in the past 6 months: (circle)

Current weight:________

0-5%

Base weight:_________

5-10%

IBW: _________

>10%

Change in past two weeks: (circle appropriate answer)
-increase_______ kg/lb
2.

-decrease_______ kg/lb

-stable___________kg/lb

Diet intake: (circle appropriate answer)
-No change or suboptimal intake
-Liquid diet
-Hypocaloric fluids or starvation

3.

Gastrointestinal symptoms for >2 weeks: (circle appropriate answer)
-None
-Anorexia and nausea
-Vomiting
-Diarrhea

4.

Functional capacity: (circle appropriate answer)
-Normal
-Work capacity diminished by 50%
-Ambulatory (i.e. capable of only activities of daily living)
-Bedridden

5.

Physiologic Stress: (circle appropriate answer)

6. Physical signs: (circle appropriate answer)
-Loss of subcutaneous fat over: Triceps

-Fluid retention: Edema

or Ascites

7. SGA Rating (select one)
___A = Well nourished ___ B = Moderately Malnourished___C = Severely Malnourished
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Mini Nutrition Assessment (MNA)

Graphic redacted. Paper copy available upon request to home
institution.

-
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Nutrition risk screening (NRS) 2002
Step 1: Initial screening
Yes
No
1
Is BMI <20.5?
2
Has the patient lost
weight within the last
3 mo?
3
Has the patient had a
reduced dietary intake
in the last wk?
4
Is the patient severely
ill? (eg, in intensive
therapy)
Yes: If the answer is “Yes” to any question, the screening in step 2 is performed.
No: If the answer is “No” to all questions, the patient is rescreened at weekly intervals. If
the patient, eg, is scheduled for a major operation, a preventive nutritional care plan is
considered to avoid the associated risk status.
Step 2: Final screening
Impaired nutritional status

Severity of disease (≈ increase in requirements)

Absent
score 0
Mild score
1

Absent
Normal nutritional requirements
score 0
Mild score Hip fracturea Chronic patients, in
1
particular with acute complications:
cirrhosis,a COPDaChronic hemodialysis,
diabetes, oncology

Normal nutritional
status A
Weight loss >5% in 3
mo
or
Food intake below
50%–75% of normal
requirement in
preceding wk
Moderate Weight loss >5% in 2
score 2
mo
or
BMI 18.5–20.5 +
impaired general
condition
or
Food intake below
25%–50% of normal

Moderate Major abdominal surgerya StrokeaSevere
score 2
pneumonia, hematologic malignancy
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Step 1: Initial screening
Yes
No
requirement in
preceding wk
Severe
Weight loss >5% in 1 Severe
Head injurya Bone marrow
transplantationaIntensive care patients
score 3
mo (>15% in 3 mo) score 3
(APACHE > 10)
or
BMI <18.5 +
impaired general
condition
or
Food intake below
0%–25% of normal
requirement in
preceding wk
Score:
+
Score:
= Total score:
Age
if ≥70 y: add 1 to
= age–adjusted total score
total score above
Score ≥3: the patient is nutritionally at risk, and a nutritional care plan is initiated
Score <3: weekly rescreening of the patient. If the patient, eg, is scheduled for a major
operation, a preventive nutritional care plan is considered to avoid the associated risk
status.
Notes: NRS 2002 is based on an interpretation of available randomized clinical trials. Nutritional risk is
defined by the present nutritional status and risk of impairment of present status, due to increased
requirements caused by stress metabolism of the clinical condition.
A nutritional care plan is indicated in all patients who are (1) severely undernourished (score = 3), (2)
severely ill (score = 3), (3) moderately undernourished + mildly ill (score 2 + score 1), or (4) mildly
undernourished + moderately ill (score 1 + score 2).
Diagnoses shown in italics are based on the prototypes for severity of disease given below:
1. Score = 1: a patient with chronic disease, admitted to hospital due to complications. The patient is weak
but out of bed regularly. Protein requirement is increased, but can be covered by oral diet or supplements in
most cases.
2. Score = 2: a patient confined to bed due to illness, eg, following major abdominal surgery. Protein
requirement is substantially increased, but can be covered, although artificial feeding is required in many
cases.
3. Score = 3: a patient in intensive care with assisted ventilation etc. Protein requirement is increased and
cannot be covered even by artificial feeding. Protein breakdown and nitrogen loss can be significantly
attenuated.
a
a trial directly supports the categorization of patients with that diagnosis.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; APACHE, acute
physiology and chronic health evaluation.
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APPENDIX B
Meal Portion Method

Graphic redacted. Paper copy available upon request to home
institution.

74

APPENDIX C
Braden scale for predicting pressure sore

Graphic redacted. Paper copy available upon request to home
institution.
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